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ABSTRACT 



In accordance with the present invention, an irreversible 
tamper evident system for a button closure is provided. The 
irreversible tamper evident system is provided by a color 
change system carried by the flexible button portion of the 
closure. The color change system comprises an indicator 
coating over a dark colored substrate coating. The indicator 
coat is preferably colored with a light colored transparent 
colorant such as an orange colored fluorescent dye. The 
indicator coat is preferably a liquid material which can be 
cured by evaporation, heat, UV irradiation or the like, to 
form a solid layer. When the substrate layer and indicator 
layer are in intimate contact, a first color is observed. 
Depending upon the relative colors used for this substrate 
and indicator layers, this first color can be a combination of 
the colors of the two layer or can be primarily the color of 
the substrate layer. However, when the layers become sepa- 
rated and the outer layer is spaced from the inner layer, a 
second color is observed which second color is primarily the 
color of the indicator coat. 

4 Claims, 3 Drawing Sheets 
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TAMPER EVIDENT CLOSURE 



5,581,978 



This application is a divisional of prior application Ser 
No. 07/835.137, filed Feb. 12, 1992, and now U.S. Pat. No. 
5,413,234. 5 

The present invention generally relates to new and useful 
improvements in closures having end panels of which at 
least an area is formed to flex when the closure is applied to 
a container and, more particularly, to a closure wherein the 
flexible area of the end panel is provided with an irreversible 10 
tamper indicating system which is actuated when the flexible 
area of the end panel flexes from a sealed condition to an 
unsealed condition. 



BACKGROUND OF THE INVENTION 



15 



Among the various closures made for the food and 
beverage industry is a "button" or "pop top" closure wherein 
the closure contains a flexible portion which assumes a 
given flexed position to indicate a scaled package and a 20 
different position when the package seal is breached. These 
"button" or "pop top" closures are commonly used in 
vacuum scaled food products such as baby food products to 
warn purchasers when the vacuum condition under which 
the food was packaged has been breached 25 

Although closures having tamper indicating buttons arc 
predominantly in use in vacuum applications, there also 
have been more recently developed closures with buttons 
which are mechanically actuated so as to move from an as 
formed "down" position to an upwardly projecting **up" 30 
position when the closure is properly applied to a container. 
In this "up" position the closures are further characterized as 
having energy stored within the closure end panels urging 
the buttons to their as formed "down" position. Removal of 
these closures from the containers associated therewith 35 
results in the buttons moving to their as formed "down" 
position due to the release of the energy stored within the 
end panels. 

Closures having end panels incorporating tamper indicat- 
ing buttons arc used extensively for the food industry, 40 
especially for vacuum packaged product, because they are 
effective quick-detection means that lets one know some 
very important conditions about the container. Topically in 
vacuum applications, when the container is properly sealed 
and a vacuum exists therein, the button is in a "down" 45 
position while when the container has been opened and the 
closure reapplied, or the vacuum within the container oth- 
erwise lost, the button will be in its tv up" position. Addi- 
tionally, in vacuum package applications, when the closure 
is first opened and the vacuum is lost, a hissing sound may 
be heard. 

Through the extensive commercial use of such button 
closures, the purchasing public has become generally aware 
that if the deflectable section of the button is up then the 55 
original seal has been broken and that the container should 
be rejected. Additionally, in the case where the button 
closure is used in conjunction with a vacuum package 
container, the purchasing public has been sensitized to listen 
for a hiss of air or a "popping" sound to determine whether ^ 
or not that container has been previously opened. 

The popping of the top and, in the case of a vacuum 
packaged product, the sound associated with the loss of 
vacuum are indicating means to warn purchasers when the 
integrity of the package has been breached. These indicators, 65 
however, are not fool proof and can be intentionally over- 
ridden. For example, it is known that a button closure for a 



vacuum packaged product can be returned to its "tamper 
free" state even after the package has been opened. This is 
accomplished by merely heating the open container and 
when the container is hot, recapping the closure. This 
procedure will recreate the vacuum seal and reset the button. 

Separate tamper evident means have been used in asso- 
ciation with button caps to augment the flip or pop of the 
button. For example, button caps, and other screw top 
closures, arc often used in association with a shrink wrap. 
Also, the button cap may be provided with a band at its base, 
joined to the remainder of the cap through a line of weak- 
ness. The band is prevented from rotating or from rising up 
the screw thread when the cap is unscrewed, and as a result, 
upon closure opening, the band becomes detached from the 
remainder of the cap. 

The packaging industry has also recognized the desirabil- 
ity of providing a visual means to determine whether the 
integrity of a scaled container has been breached For 
example, U.S. Pat. No. 3,736,899 (Manske) is directed to a 
pressure change indicator. The '899 patent discloses a button 
type cap having a flexible panel with a reflective surface and 
a disk-like clement which covers up all or most of the 
flexible panel when the panel is flexed inward but which 
provides a gap around the periphery of the panel when it is 
flexed outward. The gap reveals a highly visible or contrast- 
ing color which is seen on the flexible panel either by means 
of a color on the panel itself or a color on the underside of 
the disk-like member. The pressure change system of the 
'899 patent apparently may be reestablished by recreating 
the vacuum in the package and, accordingly, in such a case 
would not be irreversible. 

U.S. Pat. No. 4,429,803 (Butterfieid) is directed to tamper 
evident means for multiple dose medical vials of the type 
having a rubber seal closure. The tamper evident means of 
the '803 patent is a blister-like sac containing a harmless 
dye, According to the '803 patent, the blister-like sac will 
release the dye and thereby color the remaining contents of 
the vial when the vial's seal is broken. 

U.S. Pat. No. 4,511,052 (Klein et al.) is directed to a 
tamper indicating seal for a container. According to the '052 
patent a frangible envelope containing an indicator is 
attached to the band and neck of the container having a 
closure so that when the closure is opened the frangible 
envelope will rupture and expose the indicator. The indicator 
can be a chemical substance which undergoes a change in 
color when exposed to the atmosphere such as an oxygen or 
moisture sensitive substance. 

U.S. Pat. No. 4,526,752 (Perlman ct al.) discloses a 
tamper evident package incorporating an oxygen sensitive 
leuco dye. According to the '752 patent, the oxygen sensi- 
tive leuco dye is scaled within the package in an anaerobic 
environment. The package can have a transparent cap 
through which the oxygen sensitive leuco dye is visible to 
show the integrity of the package. If oxygen is admitted to 
the package such as by opening the package, the dye will 
undergo a color change. 

U.S. Pat. No. 4,813,712 (Scopes) is directed to providing 
a visible indication of whether a button cap is in its concave 
or convex form. According to the '712 patent the condition 
of the button can be determined by applying a pattern to the 
bunon surface which pattern can display one visible form 
when the surface is concave and a different visible form 
when the surface is convex. The different visible forms can 
include two different colors. In this regard, the '712 patent 
discloses a button cap having an embossed pattern wherein 
the pattern displays one color when in a given orientation 
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such as concave and displays a different color when the 
orientation changes such as to convex. In another embodi- 
ment, the pattern is formed of superimposed layers which 
are displaced relative to one another when the surface 
changes between its concave and convex forms. Either the 5 
layers or the substrate for the layers contains a grid pattern 
which provides the closure with different appearances in the 
concave and convex forms. As noted in the '712 patent, a 
high degree of accuracy is required in laying down the 
patterns to ensure the colors register correctly with the 10 
embossed pattern to produce the desired visual result. Addi- 
tionally, the surface indicating systems of the *712 patent 
appear to be reversible. 

U.S. Pat. No. 4,877,143 (Travisano) is directed to a 
closure such as a button cap wherein the button carries an 15 
indicator such as a color or an imprinted word like "open" 
thereon. The indicator is covered with a translucent layer 
having a light diffusing surface which is provided by a 
Fresno lens. When the button is in the sealed position, the 
indicator is drawn away from the translucent/light diffusing 20 
layer which results in the indicator being obscured so that it 
cannot be seen through the translucent layer. When the 
container is opened and the button flips, the indicator is 
brought into contact with the translucent layer and the 
indicator becomes visible therethrough. Similar to the '712 25 
(Scopes) patent above, the tamper evident system of the ' 143 
patent appears to be a reversible system rather than an 
irreversible system. 

Despite recognition of the need for tamper proof or 
tamper evident button closures, and responsive efforts 30 
related thereto there still exists the need for an improved 
tamper evident button closure. 

SUMMARY OF THE INVENTION 35 

The present invention provides an irreversible tamper 
indicating system for use in conjunction with closures 
having deflectable end panel areas such as button closures. 
The irreversible tamper indicating system of the present 40 
invention comprises a system which undergoes an irrevers- 
ible change in color upon deflection of the end panel area 
such as the flipping of the button of a button cap. The color 
change system comprises the superimposiiion of differently 
colored coatings such as an indicator coating of a first color 45 
and a background coaling of a second color. Preferably, the 
indicator coating is a translucent coating containing a light 
colored colorant and the base coating contains or covers a 
dark colored colorant. The indicator coating and base coat- 
ing are placed in intimate contact, either directly or indi- 50 
recti y through intervening coalings such as an adhesive 
coating, with each other on the surface of closure. When the 
two coatings are in intimate contact with each other a first 
color is perceived which is different from the individual 
color of the indicator coating. 55 

In this regard, without being limited to any theory of the 
invention, it is believed that when the indicator coating and 
background coating arc in intimate contact with each other 
the perceived color results in large from light which passes 
through both the indicator coaling and base coating and 60 
which is reflected back through those coatings. In accor- 
dance with general physical principles, the color perceived 
is a composite of the colors of the indicator coat and 
background or base coat which is a function of the absor* 
bance of the light passing through each layer which in-tum 65 
is dependent upon the color of the colorants, the concentra- 
tion of the colorants and the thickness of the coats. 
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In accordance with the present invention, when the flex- 
ible portion of the end panel of the closure incorporating the 
color evident system of the present invention flexes upon 
opening of the container, the flexing action actuates a color 
change by causing the indicator coat to separate from the 
base coat. When the indicator coat separates from the base 
coal, a reflection boundary or reflective interface is formed 
which causes a greater portion of light to be reflected at, as 
opposed to passing through, the lower surface of the indi- 
cator coat. Accordingly, the perceived color is principally 
the color of the indicator coat rather than a composite color 
of the indicator coat and base coat. 

In accordance with the present invention, the color of the 
system is determined by the adhesion, or lack thereof, 
between the indicator coating and button coating. In prac- 
tice, such as when used for food products, when the sealed 
container leaves the food packer, the indicator and base 
coatings are in intimate contact with each other. For practical 
reasons, the adhesion between the indicator coat and base 
coat should be sufficient to withstand inadvertent, but tamper 
free, contact such as that which may occur during transpor- 
tation and stocking of the product without unintentional 
separation of the coalings. On the other hand, the adhesion 
between the indicator coating and button coating must be 
weak enough so that the flipping action of a button closure 
can activate the tamper evident system by causing a suffi- 
cient loss of adhesion between the indicator coating and base 
coating. 

In accordance with the present invention, the desired 
adhesion can be achieved through appropriate chemical 
compositions for the indicator coating and base coating and 
through the physical dimensions and curing mechanism for 
the indicator coating. For example, a closure may have a 
dark inked background and an epoxy ester based coating 
over its button area. Such a base surface coating can be 
thermally cured and will exhibit good adhesion to the 
closure. Alternatively, a base coating can be comprised of 
other materials, such as an appropriately adhesively backed 
or otherwise bondable polypropylene film, preferably hav- 
ing a thickness of one mil or less, which will also exhibit 
good adhesion to the closure. Over the base coating an 
indicator coating can be applied. 

In accordance with the irreversible aspect of the present 
invention, the coatings must be selected so that once the 
initial intimate contact between the indicator coating and 
base coating is broken, it can not be reestablished. An 
indicator coaling that can be rcadhcrcd to the base coating by 
drawing the button back down, heat massaging or any other 
method could defeat the tamper evident feature of the 
present invention. Accordingly, preferably the indicator 
coating of the present invention is composed of a resin 
which can be irreversibly solidified or set Resins, such as 
thermosct resins which can be irreversibly set such as by 
chemical reaction, heat or radiation are preferred. Once this 
type of indicator coat is fully cured and the intimate adhe- 
sion between it and the base coat is broken, such intimate 
contact cannot be reestablished. The indicator coating pref- 
erably includes a UV resin, a photo initiator, a colorant such 
as a fluorescent dye, flow agents, fillers or other desirable 
additives. The indicator coating is preferably prepared as a 
viscous liquid mixture which is spread over the base coating 
on ihe button area of the closure. Preferably, the indicator 
coating has a thickness of between 5 to 20 mils. The 
indicator coat can then be cured such as by passage through 
a UV oven to convert the viscous liquid mixture into a solid 
indicator coat. Examples of materials which can be used for 
the indicator coaling are UV curable acrylates such as 
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acrylaied epoxies, acrylaied urethanes, acrylaied monomers 
such as TMPTA or TMPTMA and cationically cured 
epoxies. 

In accordance with the present invention, when the 
tamper evident system is activated ihe indicator coating s 
becomes separated from the base coating. Therefore, the 
tamper evident system also preferably includes a flexible 
transparent coating which will seal the indicator coat to the 
closure and prevent the actuated delaminatcd indicator coat 
from falling off the closure into the container. The overcoat 10 
material is selected so that it does not restrict the flipping 
action of the button, or interfere with the adhesion or release 
properties of the indicator coat or with the visual appearance 
of the system. Examples of materials that work well for the 
overcoat layer include clear, low cross-linked density, aery- 15 
latcd urethanes, two pan epoxy and urethane systems, and 
UV curable cationic systems. Additionally, clear tapes such 
as polypropylene and polyester films which can be bonded 
to the closure, such as with adhesives or by heat sealing, can 
work well as the overcoat layer. ^ 

In accordance with the preferred embodiment of the 
present invention, the indicator coat is cured in a two stage 
procedure. The first stage curing process transforms the 
indicator coat mixture from a viscous liquid to a flexible 
solid which can retain its physical dimensions and its 25 
adhesion to the base coating during shipping, closure appli- 
cation to a container, and the inversion of the button when 
the package vacuum is formed. In this embodiment, the base 
coat, indicator coat and overcoat can be applied to the button 
area of the closure at the closure manufacturer's facilities. ^ 
The closure, with the tamper evident system in place, can 
then be sent to the supplier of the goods for the container 
such as to a food packer. The* closure would then undergo 
relatively normal application processes. Once the package is 
sealed and ready to be cased for shipment, the indicator coat 35 
would go through a final and complete cure. The final cure 
step fully activates the tamper evident system. If the package 
is then opened the button flips causing the indicator coal to 
lose adhesion and separate from the base coat which in turn 
causes an irreversible color change to take place. UV curable 40 
acrylate systems are especially well suited for formulating 
the indicator coal in this application since they lend them- 
selves to different degrees of partial cure and can be sub- 
sequently completely cured. 

It is hypothesized, without being limited to any particular 45 
theory of the invention, that the liquid mixture of the 
indicator coat completely wets and flows into surface irregu- 
larities or disparities such as pores, cavities or the like 
present in the surface of the base coat On curing, it is 
believed that the indicator coat and base coat form a bond 50 
perhaps resulting, at least in part, from the mechanical 
engagement, or interlocking, which occurs by virtue of 
minute areas of the indicator coal being forced inlo the 
surface irregularities of the base coat. When the indicator 
coal is fully cured and subsequently separated from the base 55 
coat it cannot rc-wet the surface of the button coat and 
reestablish the intimate contact originally present between 
the two coatings. Alternatively, or in combination with the 
foregoing theory, it is also hypothesized that when the 
indicator coat is applied in liquid form to the base coat the 60 
indicator coat wets the base coat and upon curing the 
indicator coat sufficiently bonds to the base coat to adhere to 
the base coat while the button closure experiences the 
compressive type forces attendant to a vacuum drawn con- 
cave button but the bond between the base coat and indicator 65 
coat is insufficient to withstand the tension type forces 
attendant to release of the vacuum and flipping of the button. 
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In an alternate embodiment of the present invention, a 
translucent bonding/release layer is interposed between the 
base coat and indicator coat. In this embodiment, the bond- 
ing/release layer acts as a means to bond the indicator coat 
to the base coat on the button closure prior to the integrity 
of the closed container being breached. When the container 
is opened, the flexible end panel is actuated and imparts 
enough energy to cause the indicator coat to irreversibly 
separate either alone or along with the bonding/release layer 
from the base layer. In this embodiment, the indicator 
coating can be applied as before as a thermoset resin or ihe 
indicator coal can be comprised of a preformed colored 
translucent material such as a translucent plastic disk. Pref- 
erably, the bonding/release layer is a pholodegradablc adhe- 
sive. The photodcgradable adhesive can be used to suffi- 
ciently bond the indicator coat to the base coal at the closure 
manufacturer's facility. The closure can then be applied to a 
container and the flexible end panel portion can be set such 
as by pulling a vacuum thereon during packaging. The 
closure can then be subjected to an appropriate amount of 
ultraviolet radiation in order to degrade and weaken the 
bonding/release photodcgradable adhesive. Upon opening 
of the package, the vacuum seal panel is actuated which 
imparts enough energy in order to fracture the weakened 
adhesive and thereby irreversibly allow the indicator coat to 
separate from the base coat and effect a color change. 

Accordingly, it is a general object of the present invention 
to provide an improved tamper evident closure. 

It is another object of the present invention to provide an 
improved tamper evident button closure. 

It is another object of the present invention to provide an 
improved tamper indicating system in the form of a color 
change system. 

It is another object of the present invention to provide an 
irreversible tamper evident color change system for a clo- 
sure which contains a flexible portion which assumes a 
given position to indicate a sealed package and a different 
position when the package seal is breached wherein in the 
sealed position the flexible portion has a first color and in the 
breach condition the flexible portion has a second color. 

These and other objects of the invention will be more fully 
understood from the following description of the invention 
with references to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of a conventional prior art 
tamper evident closure incorporating a conventional safely 
button. 

FIG. 2 is a transverse vertical sectional view taken gen- 
erally along the line 2 — 2 of FIG. 1 and shows the cross- 
section of the closure with the button in its "up" convex 
state. 

FIG. 3 is an enlargement of the central button portion of 
FIG. 2 and shows more specifically the details of the tamper 
evident system of the present invention which includes a 
dark colored substrate coating under an indicator coating. 

FIG. 4 is an enlarged fragmentary sectional view similar 
to FIG. 3 with the indicator coating being treated to effect 
partial curing thereof. 

FIG. 5 is an enlarged fragmentary vertical section view 
similar to that of FIG. 3 which shows further details of an 
embodiment of the tamper evident system provided on the 
button including a dark colored substrate layer under an 
indicator layer under a transparent cover layer. 
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FIG. 6 is a schematic seciionaJ view showing the manner 
in which the tamper evident system of the present invention 
may be fully cured after the closure has been applied to a 
container and the button deformed by a vacuum within the 
container. 5 

FIG. 7 is an enlarged fragmentary section view through 
the button after the closure has been removed from the 
associated container and the button has flexed to its "up" 
position causing the indicator layer to separate from the 
substrate layer. 

FIG. 8 is a plan view of the button displaying a certain 
color. 

FIG. 9 is a plan view of the button in its condition of FIG. 
7 wherein the appearance of the button is of another color. 15 

FIG. 10 is an enlarged fragmentary vertical section view 
similar to that of FIG. 3 which shows further details of an 
embodiment of the tamper evident system provided on the 
button including a dark colored substrate layer under a 
bonding/release layer under an indicator layer under a 20 
transparent cover layer. 

FIG. 11 is a schematic sectional view showing the manner 
in which the tamper evident system of the embodiment 
shown in FIG. 10 may be armed after the closure has been 
applied to a container and the button deformed by a vacuum 25 
within the container. 

FIG. 12 is an enlarged fragmentary section view through 
the button of FIG. 11 after the closure has been removed 
from the associated container and the button has flexed to its 
"up" position and the bonding/release layer has failed caus- 30 
ing the indicator layer to separate from the substrate layer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 

INVENTION 35 

Referring now to the drawings in detail, reference is first 
made to FIGS. 1 and 2 which illustrate a typical metallic 
button closure. The closure is generally identified by the 
numeral 10 and includes an end panel 12 which has. an 
upwardly and outwardly sloping peripheral portion 14 defin- 
ing the downwardly opening channel 16. The end panel 12 
terminates in a generally cylindrical skirt 18 which, in turn, 
terminates in an inwardly turned curl 20. 

In order that the closure 10 may be applied to a container 45 
(not shown) of the type including a neck finish having 
external threads, the skin 18 and the channel 16 are lined 
with a suitable sealing compound 22. When the closure 10 
is pressed down on a neck finish of a container, a seal 
between the closure 10 and the container is formed between 5Q 
that portion of the sealing compound 22 underlying die end 
panel 12 while an interlock is formed between the threads of 
the container by that portion of the sealing compound 22 
which lines the skirt 18. 

The closure 10 is constructed in a manner wherein the end 55 
panel 12 is provided with a centrally located button gener- 
ally indicated by the number 24. The button 24 includes a 
central post portion 26 surrounded by an upwardly sloping 
annular portion 28 which, in turn, is surrounded by an 
annular generally flat portion 30. Preferably, the button 24 is $n 
mechanically reformed after its initial formation to a state of 
compressive residual stress such as by mechanically reform- 
ing in the manner described in U.S. Pat. No. 5,016,769 
which is incorporated by reference herein. 

Referring now to FIG. 6, in particular, it will be seen that 65 
when a closure 10 is applied to a container and a vacuum is 
drawn within such container, the button 24 is drawn down- 
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wardly. In accordance with the preferred embodiment of the 
invention, by mechanically reforming the button 24 as the 
closure 10 is being formed, the button 24 has certain stored 
stresses which facilitate its being maintained in the "up" 
normally convexed position of FIGS. 1-5 and 7. When the 
button 24 is drawn down into the container as shown in FIG, 
6, these compressive stresses increase and there is a high 
tendency for the button 24 to flip upwardly from its "down*' 
concave position of FIG. 6 back to its original "up" convex 
position. Thus, when the closure 10 is removed from a 
container and the vacuum applied against the underside of 
the end panel 12 is released, the button 24 will flip, snap or 
pop upwardly to its original position. It is this flipping action 
of the button 24 that actuates the tamper evident color 
change system of the present invention. 

The present invention particular relates to a button 
enhancement color change system which, as shown in FIG. 
3, is generally identified by the numeral 32 and which is 
applied to the button 24. The button color change system 32 
is particularly constructed to specifically designate that the 
closure 10 has been removed from the container even if the 
closure 10 is again placed on the container in the sealed 
closed position and thus forms tamper evident means for the 
closure 10. 

The color change system 32 includes a base coat or layer 

34 applied to the button 24 for movement with the button 24. 
The base coat 34 is formulated to adhere to the surface of the 
button 24 and move with the button 24 without separation 
from the button 24. It has been found that a thermally 
curable epoxy ester based coaling provides such character- 
istics when used in conjunction with a metallic closure 10. 

In accordance with the color change aspects of the present 
invention, base coat 34 either contains a colorant, preferably 
a dark colorant such as a black, blue or dark green colorant 
or is translucent and overlies a colored background coat 35 
on the button 24. The color of the background 35 is 
preferably dark such as a black ink carried by a curable resin 
such as the commercially available ink product 
LA-10022MK supplied by Hint Inc. The background coat 

35 can be applied to the button 24 either during the forma- 
tion of the closure 10 such as by appropriate lithographic 
application and placement on the sheet metal used to make 
closure 10 or it can be applied to the button 24 after the 
closure 10 and button 24 are formed. Similarly, the base coat 
34 can be applied to the button 24 either prior to closure 10 
formation or after the closure 10 and button 24 are formed. 

The color change system 32 also includes an indicator 
coat or layer 36 which overlies the base coat 34. The 
indicator coat 36 is translucent and cither inherently has a 
colored appearance or is formulated so as to include a 
colorant. The color of the indicator coat 36 differs from the 
effective color (i.e. the color observed through base coat 34 
either by having a colored base coat or a translucent base 
coat over a colored background 35) of the base coat 34 and 
preferably the color of indicator coat 36 is a light color. 
Colorants for the indicator coat 36 include transparent 
fluorescent dyes such as commercially available Pylakrome 
Oil yellow, Pylakrome pink, Pylam white, Keyfluor blue, 
Day Glo marigold orange and Mobay yellow dyes, trans- 
parent non-fluorescent dyes such as commercially available 
Macrolex yellow, Macrolex red, Macrolcx blue, and Mac- 
rolex orange dyes, and opaque non- fluorescent dyes such as 
commercially available green production ink, red production 
ink, blue production ink, orange production ink and yellow 
production ink dyes. The color of indicator coat 36 and the 
effective color of base coat 34 are chosen so that, as shown 
in FIG. 8, when the indicator coat 36 and base coat 34 are 
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in intimate contact the color change system 32 has a first 
color and when the indicator coat separates from the base 
coat 34 the color change system 32 has a second color as 
shown in FIG. 9. Preferably, colors are chosen for the 
effective color of the base coat 34 such as black and the 5 
indicator coat 36 such as orange/yellow so that when the 
base coat 34 and indicator coat 36 are in intimate contact the 
color change system 32 appears greenish (for "GO", safe or 
untampered) and when the indicator coat 36 separates from 
the base coat 34 the color change system 32 appears orang- IQ 
ish or yellowish (for "CAUTION", unsafe or tampered). 

As shown in the embodiment of the invention depicted in 
FIG. 3, the indicator coat 36 can be applied to the button 24 
while the button is in its up convex configuration. Applica- 
tion of the indicator coat 36 to the base coat 34 while the 15 
button 24 is in its up position allows the color change system 
32 to be applied to the closure 10 at the closure manufac- 
turer's facility. 

In accordance with the principles of the present invention, 
the indicator coal 36 is appropriately formulated and applied 20 
to the closure 10 to provide a coating which will adhere to 
the base coat 34 when the button 24 assumes its downward 
concave vacuum drawn position as shown in FIG. 6 and 
which will separate from the base coat 34 when the button 
24 flips back to its original "up" position as shown in FIG. 25 
7. It will be appreciated that the use of additives such as 
release agents, lubricants and the like can be incorporated 
within either the base coat formulation or the indicator coat 
formulation to facilitate separation of the indicator coal 36 
from the base coat 34. It will be appreciated that such release 30 
agents can take a variety of forms other than chemical 
additives, such as scoring the surface of the button or the 
base coat, perforating the indicator coat, or incorporating 
solid mailer within one or more of the coatings to create 
stress centers to help initiate separation of the layers. It will 35 
also be appreciated, however, that closures having color 
change systems incorporating enhanced release formula- 
tions may have a greater tendency to inadvertently undergo 
a color change. It will further be appreciated that the 
formulations can include other components to enhance the 40 
bonding between the base coat 34 and the indicator coat 36 
so long as the base coat 34 and the indicator coat 36 can still 
effectively separate to cause a color change. For example, an 
epoxy ester varnish base coat 34 may contain phenolic resin 
components to enhance bonding to an indicator coat 36. It 45 
will be appreciated that enhanced bonding agents and 
enhanced release means can also be used in conjunction. For 
example, means to create a stress center to facilitate release 
of the indicator coat 36 from the base coat 34 can be used 
in conjunction with formulations for either base coat 34 or 50 
indicator coat 36 which arc designed to enhance the bonding 
between the coats. It is believed that the creation of a stress 
crack in the indicator coat 36 upon button flipping may 
facilitate delamination of the indicator coal 36 from the base 
coat 34. 55 

It has been found that the use of resins such as acrylated 
epoxies, acrylated urethanes and cationically cured epoxies 
which are capable of multiple stage curing when used to 
formulate the indicator coat 36 provide a tamper evident 
system for a closure 10 which can be produced at the closure 60 
manufacturer's site and can be then fully "armed" at the 
packaging site. As best shown in FIGS. 5-6, the indicator 
coat 36 can be prepared as a liquid mixture which is spread 
over the base coat 34. Preferably, the indicator coating is 
spread to a thickness of S to 20 mils. As schematically shown 65 
in FIG. 4, the indicator coating 36 is partially cured such as 
by exposure to UV radiation effected by an appropriate UV 



source 38. Preferably, partial curing of indicator coat 36 is 
sufficiently effected to provide a relatively non-tacky but 
flexible solid. It will be appreciated, however, that the 
indicator coat 36 can be precured to lesser slates such as 
somewhat tacky and even still wet states as desired. 

As shown in FIG. 5, after the indicator coat 36 has been 
partially cured, a flexible transparent coat 40 is applied over 
indicator coat 36 to seal the indicator coat 36 to the closure 
10, to protect color change system 32 during transit and 
storage and to prevent the indicator coat 36 from falling off 
closure 10 when the indicator coat 36 delaminates from the 
base coat 34. The transparent overcoat 40 is formulated so 
that it does not restrict the flipping action of the button 24 or 
interfere with the separation of the indicator coat 36 from the 
base coat 34 upon flipping of button 24 or interfere with the 
visual appearance of the color change system 32. Examples 
of materials that can be used to formulate the transparent 
overcoat 40 include clear, low cross-linked density, acry- 
lated urethanes, two part epoxies and urethanes, and UV 
curable cationic systems. Additional materials that can be 
used for overcoat 40 include transparent lape such as clear 
polypropylene or polyester films which can be bonded to 
closure 10 such as by adhesively fixing or heat scaling the 
film to closure 10. 

Preferably, a material which reduces the interfacial ten- 
sion or bonding between the. indicator coat 36 and the 
overcoat 40 is present between such coats to prevent the 
overcoat 40 from interfering with the separation of the 
indicator coat 36 from the base coat 34. Such materials 
include surface active agents like soaps or soap solutions 
and other surfactants, waxes and other lubricants such as 
amides and stearates and the like, which can be applied to 
the indicator coat 36 prior to application of the overcoat 40. 
It will be appreciated that the curable compositions used for 
color change system 32 such as the UV curable indicator 
coat 36 and UV curable overcoat 40 may contain different 
curing agents and different amounts of curing agents to 
control the nature and degree of curing. For example, a UV 
curable indicator coat 36 composition may contain different 
photoinitiators which can be activated by different UV 
wavelengths to facilitate multiple stage curing of the indi- 
cator coat 36. Additionally, when a UV curable overcoat 40 
is used in association with a UV curable indicator coat 36 it 
may be desirable to utilize different photoinitiators in the 
indicator coat 36 and the overcoat 40 so that each of the 
coats can be cured independently of each other and so that 
the cure of the overcoat 40 does not untimely cure or 
otherwise interfere with the cure of the indicator coat 36. It 
will, of course, be appreciated that, if necessary, different 
UV sources and/or different UV lamps may be used to 
activate the photoinitiators, as needed. 

FIG. 6 shows the closure 10 carrying the color change 
system 32 after the closure 10 has been applied to a 
container and the button 24 has been drawn down to its 
concave position by a vacuum within the container. As 
schematically shown in FIG. 6, the partially cured indicator 
layer 36 can then be fully cured to a very stiff cross-linked 
polymer such as by exposure to higher doses of UV radiation 
effected by an appropriate UV source 42. 

As shown in FIGS. 6 and 8, the fully cured indicator 
coating 36 is in intimate contact with the base coating 34 so 
that color change system 32 when viewed through indicator 
coat 36 has a first color. As noted above, when the button 24 
is in the down position of FIG. 6, it has stored energy and 
is in a state of stress such that when the vacuum is removed 
by removal of the closure 10 from the container, the button 
24 will flex upwardly to its original position as shown in 
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FIG. 7. As shown in FIGS. 7 and 9, when the button 24 
flexes upwardly, indicator coat 36 separates from the base 
coat 34 and color change system 32 when viewed through 
indicator coat 36 has a second color. It will be appreciated 
that the separation of indicator coal 36 from base, coat 34 5 
creates a reflective interface 44 sufficient that the color 
perceived is the color of the indicator coat when color 
change system 32 is viewed through the indicator coal 36. It 
is believed thai a 0.3-O.8 micrometer separation between 
indicator coat 36 and base coal 34 should provide a sufficient 10 
reflective interface 44 to cause color change system 32 to 
undergo an effective change of color, in accordance with the 
present invention, if after activation of color change system 
32, closure 10 is reapplied to the container and a further 
vacuum drawn within the container, even though the button 15 
24 will be deflected downwardly, the indicator coat 36 will 
not rewet to base coat 34 sufficient to eliminate interface 
barrier 44 and cause the intimaie contact necessary to 
reestablish the first color of color change system 32. 

Examples 1-5 illustrate representative formulations for 20 
indicator coal 36 which formulations are susceptible to two 
stage curing. It is presently contemplated that these formu- 
lations and an overcoat layer could be applied to the button 
area 24 of a closure 10 at a closure manufacturer's site. The 
button area 24 of the closure 10 would already have a dark 25 
background 35 such as a black colored background 35 and 
an epoxy ester varnish base coal 34 applied to the button 
area 24. After the indicator coal 36 is applied over the base 
coat 34 the indicator coat 36 is partially cured sufficiently to 
allow the color change system 32 to withstand application of 30 
the closure 10 to the container and the drawing down of the 
button 24 by a vacuum within the container without cracking 
or loss of adhesion of the color change system 32. A 
transparent overcoat 40 then can be applied over the pre- 
curcd indicator coat 36. After the closure 10 is applied to the 35 
container and the button 24 is down, the color change system 
32 is fully activated by fully curing ihe indicator coat 36. 

EXAMPLE 1 

40 

10 parts by weight of a UV curable diacrylate bisphenol 
A epoxy such as Ebercryl 3700 supplied by Radcure is 
heated to about 50° C. A photo initiator (0.4 parts by weight) 
such as Irgacure 184 supplied by Ciba Geigy, fumed silica 
(0.5 parts by weight) which acts as a suspension agent and 45 
opaqifier and an orange fluorescent dye (0.005 parts by 
weight) such as Marigold Orange supplied by Day Glo are 
added. The composition is mixed sufficiently to obtain a 
homogenous mixture of all the components. A cowels mixer 
can be used to increase the speed and efficiency of the 50 
mixing. 50 to 100 mg of the material is applied to the center 
of an up button of an approximate two inch diameter 
non-sealed closure. The button portion of the closure would 
already have a black colored background and base coating 
applied to the button portion of the closure. The material is 55 
then spread to an appropriate shape and size such as a disk 
shape with a diameter of about % of an inch. The material 
can be spread in any number of ways to achieve the desired 
result One method of spreading is to place the cap on a 
rotating chuck and use a flat ended spatula to apply and 60 
spread the material on the cap. Another method of applica- 
tion is to use an apparatus comprising a motorized rotating 
chuck into which the cap is secured, a doctor blade attached 
to one end of a stylus arm and profile bar. A cap can be 
secured into the chuck and the material to be spread can be 65 
applied to the center of the button area. The apparatus motor 
is started and the doctor blade is brought into contact with 
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the material. The stylus end of the stylus arm is traced over 
the profile bar which determines the movements of the 
doctor blade across ihe cap. After the material is applied to 
the button area of the cap, it can be partially cured to a 
non-tacky but flexible solid by exposing it to a light dose of 
UV radiation and an overcoat layer can be applied. After the 
cap is applied to ihe container and the button is drawn down, 
the indicator coat can be fully cured to a very stiff cross- 
linked polymer upon exposure to higher doses of UV 
radiation. When the UV cured indicator coat is in intimate 
contact with the black backgrounded base coal the color 
change system when viewed through the indicator coat 
appears dark green. Upon the button up-flip and activation 
of the tamper evident coating system, the color change 
system when viewed through the indicator coat appears 
orange due to the separation of the indicator coat from the 
base coal. 

EXAMPLE 2 

Ebccryl 3700 (7.0 parts by weight)) is heated to about 50° 
C. An opaqifier such as zinc oxide (2.0 parts by weight) and 
colorants such as Marigold Orange fluorescent dye (0.3 parts 
by weight) and Mobay yellow fluorescent dye (0.3 parts by 
weight) arc then added. The formulation is mixed with 
sufficient shearing action to provide a homogenous mixture 
of all of the components. This mixture is made in order to 
effectively disperse the dyes and fillers into the indicator 
formulation in the correct amounts. The main indicator 
coating can then be formulated by heating Ebecryl 3700 
(100 parts by weight) to aboul 50° C. and then adding the 
foregoing premix (0.1 part by weight), fumed silica (0.5 
parts by weight) and 0.1 part by weight of a long wave 
length photo initiator such as Lucerin TPO supplied by 
BASF. The resulting material can be applied to a button 
closure having a black colored background and a base coat 
and cured in accordance with the methods set forth in 
Example 1 above. When the UV cured indicator coal is in 
intimate contact with the black backgrounded base coat the 
color change system when viewed through the indicator coat 
appears dark green. Upon activation of ihe color change 
syslem the color change system when viewed through the 
indicator coat appears orange/yellow due to separation of the 
indicator coal from the base coat. 

EXAMPLE 3 

100 parts by weight of a phenyl based epoxy novolac such 
as Tactix 785 supplied by Dow Co. is heated to the melt 
state. One part of a cationic photo initiator such as FX-512 
supplied by 3M is then added and the components arc 
mixed. The material is allowed to cool and is then crushed 
into a granular form. 50 to 100 milligrams of the material is 
applied to Ihe cenler of the up button of a non-sealed cap. 
The button would have a black backgrounded base coat in 
place. The cap is then heated, on a hot plate or with an IR 
lamp, until the material goes to the melt slate. The melted 
material is then spread to a diameter of about % of an inch 
with a stirring rod or a spatula. Upon cooling, the material 
solidifies. Because the material is solid in its uncurcd state 
it is not necessary to go through the precurc process of 
Examples 1 and 2 above. Although thermoplastic phenol 
formaldehyde type resins typically are cured with cross- 
linking agents such as amines and anhydrides and heat, this 
formulation can be cured for the present application by 
exposure to UV energy. When this material is UV cured it 
turns red in color. Accordingly, after the closure containing 
the color change system of the present invention incorpo- 
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